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EXPERIMENTAL INVESTIGATION OF THE EFFECT OF VERTICAL-TAIL SIZE AND LENGTH
AND OF FUSELAGE SHAPE AND LENGTH ON THE STATIC IKrERAL STABILITY

CHARACTERISTICS OF A MODEL WITH 45° SWEFTBACK WING
AND TAIL SURFACES 1 -

By M. J. QUEIJO “and WALTEB D. ‘i’i’oLHAE~

SUMMARY

An. investigation was made to determine the effects of certical-
tail size and length and of fuselage shape and length on the
static la%ral stability characteristics of a model u<th wing and
vertical tails having the quatrter-cbrd lines swept back @o.
5% results indicate that the direc&al instability of” the
ZJW%USisolated fwelages was about two-thirds aa large as that
predicted by clawical -theory. A rediLcti.an in arm of wiical
tails ~eometric aspect ratio kept ccmstant) attached to a giwm
juiehge resulted in an increase in the eyectiue mpect ratio of
the vertical tail for the range of tail sizes considered. Simple
analytical considerations indicate, h.ouwer, that for tail sizes
bekno the range investigated the oppo~”teefect wadd be eqwted.

For the fuselqe-tail combinations imestigated, the tail
e$ectiuenew usually decreased with increasing angle of artack,
with the greate.d rate of decrease occum”ng at angles of attack
greater than about 16°.

The wing+mlage inteq(erence for & midu<~ arrangements
investigated wag only slightly afiected by the dupe of the fuselage
and tended to increase slightly tha directional stability of the
combination. The interference e.fects of the &@ tended to
dewease the vertical-tail effectknwwj particular~y at high a.ngle~
of attack. me large efferts obsemed u~ere attributed to a par-
tially staibd condition of the wing,

INTRODUCTIOhr

Reoent advances in the understanding of the principles of
high-speed flight have kd to signitloardchangea in the design
of, the principal components of airpkm=. Two of the more

important changes ha~e been the incorporation of large
amounts of sweep of the wing and tail surfaoes and the ele-
vation of the horizontal tail to a higher positiom Muoh
information is avadable on the influence of tie w@, .fweke,
and tti geometry on the static stability oharacteristios of
the more conventional airplane designs (for exampIe, refer-
ences 1 a-ml 2); however, Little information is available on
the inffuenoe of the various airplane components on the
oharacteristks of airplanes having wings and tail surfaces
with large amounts of sweep. In order to provide such

information, a series of invdigatiom is being conducted in
the Lw@ey stabiEty tunnel w-it.ha model” having various
interchangeable parts. The tiects of changes in the size and
location of the horizont4d tail on the Iowspeed static lateral
stability characteristics have been reported in reference 3.
The efEectaon the static-lateral-stablity derivatives of varia-
tions of vertical-t-ail size and Iength and of fusekge shapa
and Ienggthare presented herein. The data ako have been
used to determine interference effects between the V@ Wd
fuselage and the interferi3nce tiects of the wing-fusekge
combination on the vertical-tail effectiwness.

SYMBOLSAND COEFFICIENTS

The data presented herein are h the form of standard
NACA ooeflkients of forces and moments whioh me rd-d.

to the stability axes, with the origin at the projection on the
pIane of symmetry of the quarter-chord point of the mean
aerodynamic chord or at the midpoint of the fuwdage. The
positive directions of the foroes, momen@, and tfhgular dis-
pIacaments are shown m figure 1. The coeilicients and .
symboIs.are defined as follows:
A aspect ratio (bz/S)
b span, measured perpendicular to fuselage center line,
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chord, measured parallel to plane of symmetry, feet
root chord, feet
tip chord, feet
wing mean aerodynamic chord, feet

(Zw=+--bw’’cv%i,)
fuselage diameter at longitudinal station of aero~

dynamic center of vertical tail, feet
fuselage length, feet
tail length, distance from o= of axis 1/2 to Z/4 of

vertical tail, feat

dynamic pressure, pounds per square foot
()
;Pv’

area, square feet .

project+d side area of fuselage, square feet
maximum thicknees of fuselage, feet
velocity, feet per second
vohune of fuselage, cubic feet
chordwise distance from leading edge of root chord

to quarter-chord point of any chord, feet
ohordwise distance from leading edge of root chord to

quarter-chord point of mean acrod~amic chord,

spanwise distance measured from the pIane of sym-
metry, feet

spanwise distance to quarter chord of mean aero-

(- ‘&lY’c~y~’O
dynamic c.hor~jfeet yW

perpendicular distance from fusehge center line to
aerodynamic center of vertical tail, feet

angle of attack, degrees

()
taper ratio ~

c~
angle+f-att ack correction factors to effectiveness of

vertical tail in yaw
angle of sweepback of quarter-chord line, clegrees
mass density, slugs pcr cubic foot
angle of yaw, degrees

Lift
()

lift coefficient —
qSw

drag coefficient
()

~ ; @.=–Cxat @=OO
q S’w

longitudinal-force coefficient kmgitudinal force
( qSw )

lateral-force coefficient
(?

ateral force
qSw )

(
Pitchipitching-moment coefficient

)
ng moment

!7& Cw .

c. (Yawing monwt’
yawing-moment coefficient

q.fhbrr .)

c, roIIing-nloment iocfficien t
r

oiling mommt—— . .. . ._.—.
qswbr)- )

acy
()

~y+= —
Q* +=*”

()awv
(CL.),= T . . . I where (CL)v is based on vmtiral-tnil

area

AlCT+,AICnti,

{

increments of coefficients CHused @ willg-
fuselage interference; that is,

AlG’z+
AICY, =( C1”,)W+,–(CY$)W–( CY,); ”” -

r increments of coe.fhients caused by wing-

AZCY+, AtCm+,

{

fuselage interference on XWrticfil-tail

A219a~

effectiveness; that is,
&CY$= [( CT*) W+F+V –(c’r$)r,,]– “-

[( CY$)F+T’-(CS’,)F]

Subscripts and abbreviations:
~ wing
~? verticaI triiI;used with subscripts 1 to 5 to denote the

various vertical tails (see fig. 2)
F fgselage; used with subscripts 1 to 5 to demote the

various fuselages (see fig. 3)
8 slat
e effective
8 side area

APPARATUSAND TESTS

All parts of the modeIs used in this investigation were
oonstructwl of mahogany. Sketches of the parts of the
models are presented as figures 2, 3, and 4. TIw various
vertical .tds and fuselages will be referred to henceforth by
the s-ymbol am] number assigned to them in figures 2 and :3.
All vertical tails had 45° sweepbaok of thttquarter-chord li~m,
taper ratio of 0.6, a~d hTACA 65A008 profiIes (Mdc 1) in
planes paraIM to the fuselage center line. The rtitios of
tail area to wing area were chosen to cover a range rcpre-
sentat,ive of that used for current high-speed airplane con-
figurations. The tailswere mounted on thr fuselages so that
the tail Iengt.hwas ahvays a constant percent of the fusehgc

len@(!=O+
the fuselage length.

The taiI Iength was varhwlby chmging

The three fuseIages (fineness rntios of
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.0, 6.67 and 10.0) of circular-arc profde used in the inveAiga-
tion are shown in figure 3. Two additiomd fudages having
the same fineness ratio as fuselage 2 (fineness ratio of 6.67)
were used to detmmine the tieets of fusehge nose and
tmiling-edge modifhtions. All fuselages had oircular cross
sections and all had the same maximum thickness. The
coordinates of the fueeIages are given in &ble IX.

‘TIM wing had an aspect ratio of 4.0, taper ratio of 0.6,
mveepbaok of 45° of the quarter-ohord line, and hTACA
65AO08 proflee parallel to the phme of symmetzy. The
wing was mounted on the fuselage so that the qumter-chord
point of the mean aerodynamic chord coincided with the
fuseIa.gemounting point (*. 4). k summary of the geo-
metric charaoteristios of the mwious. modeI components is
given in table HI. A full-span slat, fitted to the wing for
some teatswith fuselage F2, had a ohord which was 8 peroent
of the wing chord. (See fig. 4.) The slat was made by
bendkg a strip of +@mh-thick ahuninum sheet to fit the

oontour of the wing leading. edge. Photographs of two of
the modeI oon@nrations are presented as @e 5.

Most of the tests of this investigation wwe conducted in
t-he 6-foot-diameter rolling-flow test section of the LargIey
stability tunnel. Tests of conjurations vzith fuselages ~,
and F6 mere conducted in the 6- by 6-foot curved-flow test
section of the Langley stabiLity tunnel. All tests were .
made at a dynamic pressure of 24.9 pounds per square foot,
which corresponds to a Mach number of 0.13 and a Rey-
nolds num@r of 0.71X IOEbased on the wing mean aero- ‘
dynamic ohord. The angle of attack of the model was
varied from about —4° to approsimate& 32° for yaw
tinglesof 0° and +5°. .

CORRECTIONS

The angle of att-aok, Longitudinal-foroe coefficient, and
rolling-moment coefficient have been corrected for jet-
boundary efkote. hro correotione have been applied for the
eilects of blocking, turbulence, or support-strut interference.
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6)Originof oxes
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+2=30.0-4 I
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k— 2=40.0 ~ !--

‘I+!s=i

.,

E==%+$f’=’’””” “’
FImnLX 3.—Dlmensfons of fmelngw; mofile ordlmke h table II. All dhnemkors are

h Inelm.

At relatively large”angles of attack (above about 20°) the
vertical tail generally was in the wake of the support strut;
hence, data dependent principally on the vertical-tail con-
tribution probabIy are unreliable at angles of attack above
about 20°. This unreliability is particularity true for data
obtained with fuselage ~a, and therefore these data are not
presented.

METHODSOF ANALYSIS

The results of the. present investigation are an~yzed iP
terms of the individual Contribution. of the various pw@
and the more importad interference effects. In accordance
with conventional procedures (for example, see reference 2),
the static-lateral-stability derivatives of a complete airplane

W@ of axes..

qf/4.
.4

bw“3.09

+Zw =0.92-

+%-W=0.941+

v

ctw=a57

282

“mew
FIGURE 4.—DIrnemione and Iocatlon cd whg and vortkal tails. All dfrncnefons arc hi ht.

can be .axpressod?s

CYt-: (G$)F+ (GJm+(~YJ ~+AIG-$+Mh$ (I)

cn$=(ent),+(cu#) r+(cn#)v+Alc.++ A~c.# (2)

Cl$= (cl#),+(cI#)m+ (qv+A~C’@+AQ (3)

The subscripts ~ and W refer to the derivatives of thu iso-
lated fuselage and of tic isolated wingr respectively. In
the general case, the subscript V refers to the contribution
of the vertical tail when mouuted on the fusckige and W~CIl
in the presence of the horizontal tail. The present teats
were made without a horizontal tail, since the effects of
various horizontal-tail sizes and locations were invcstigtttcd
in reference 3. -In the present report, therefore, the deriv-
atives with the subscript V include both the Pffwtivcnms of
the isolated vertic@ tail and the interference of the fuselage.

The verticsd-tail contribution can be expressed analytically
as follows:

(4)(cy#)v= (%=)V* ~y

(5)

. ..-.?

.. .:..,-:-. -J:
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(s) C0mlgun3tkm TF+R+ 1’:.

FTGC”EE 5.–Vkw of mcdel in the Langley stabZfty tnnnel.

(b)ConfknmtfonB%-I-Fz+V:- ‘
FIWIEE5.< OLICMEd.

where (dL~ ~ is the effective Wrticd-tti lift-curve dope
when the model is at zero~le of attack, and qF and ~Mare
correction factom which account for the variation in tail
tiectheneee with angle of attack. (A similar correction to
C’,* is neglected because it generalIy has been feud to be
very nearly 1.0.) Equations (4) to (6) are simiIar to equa-
tions given in reference 4, except t-hat in the reference the :
factors T. and ~Mare neglected. The resuks of the present
tests are used for evaluating the factors q= and qy “md the
eflecti~e aspect ratio A 6P corresponding to t-heverticahil
~it<~~e dope (CL~T.

Perhaps the most consistent approach to the probIem of
evahmting tail &ectiveness vrouId involve determination of
&r corresponding to (CL~V as determined from equation (4).
In order to make w of such vaIues of A.r in the calculation

of (G J ~ and (G~) ~ effective, rather than geometric, values
218e3T-8+72

of the tail length lr and of the tafi height 2F dso -irouldhave
to be known. From practicaI considerations, it has seemed
most convenient to assume that the location of the mrtical-
tail center of pressure is given accurately by the geometric
Iengths Jr and Zr. Since the directionahst.ability parameter
(Cnt)r is considered to be the most important of the three
static-laterzd-stabilityparamete%, vaIues”of A,r, correspond-

ing to (G=) ~ us determined hm equation (3), are obt ained
in the present anaIysis. The reliability of values of A.v qo
determined, when used to calculate (CY~)~ and (Cl~) ~, is
checked against the experimental results.
-” S“mce,at zero mgle of attack, the factor TNis 1.0, equation
(5) can be rewritten as

Values of L&, corresponding to (GQ ~, may be obtained
from theory such as that. of reference 5. A correctiori to
+ for the effect of the horizontal tail can be obbained from,,
reference 3. -

The increments prefixed by A,..andAzexpress, respectively,
the interference of the wing-fueelage combination and the
interference of the wing-fuselage-on Lhevertical-tail effectim- .
nese; for exainple,

A~Cr$= [CY*)W+F– [(GJW+(G-JFI
and

Ad?Yr=[(CYt)r+F+V – (cy#)W+F] - [.(Cy&+r- (cF#)F]

The interference increments dy are assumed to appIy to.
airpkmes ha_r5ngconfigurations which axe somewhat simiIar
to that of the model”used in evaluating the increments. Of
the various factors which aflect the magnitudes of the inter-
ference increments, the height of the wing, reIative to the
center line of the fuselage,’ preciously has been found to be
one of the most im@rtant (ref&nce 2). Since, for the
present invatigation, tie wing was located on the center
line of the ftielages, the results me cicmsideredapplicable
only to rnidwing or near-midwing arran&ments.

RESULTSAND DISCIWSiON
P~ENTA~ON OF RESULTS .

. . ..- .,.

The basic datwobtained in t-hisin+es~ation are presented
‘in figures 6 to 14. The longitudinal characteristics of the
tig aIone and of the wing with sIat are given in figure 6.
The static-Iateral-st.ablLty paramekrs of the various cm-”
figurations investigated are given in @urea 7 to 14. A sum-
mary of the cor&gurations investigated and of the figures
t-hatgive data for these configurations is given in tabla IV.
Most of the remaining @es (f@. 15 to 30) were made up
from the data of &urea 7 to 14 and present the data in a
form more suitable for analysis.
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WISG CH&MTERLSTICS

The longitudimd aerodynamic characteristics of the wing
alone (fig. 6) have been given in reference 3; hence, they are
reviewed only briefly in this report.. The pIain wing stalled
at about 24° angle of attack (CL= 1.0) and showed an
a.erodynamic-oenterposition of 0.25i5W. The theory of refer-
ence 5 predicts an aerodxc-centw position of 0..26&.
Addition of the 0.08c~ slat- deIayed the’ stall to about 26”
angle of attack (CL= 1.1) but had no appreciable eifect on
the position of the aerodynamic center at low angles of
attack. The slat caused an appreciable reduction in drag
at angles of attack greatw than about 8°.

llany of the aerodmymamicparameters of a oomplete air-
phme are dependent to some extent on the character of the
flow over the wing; hence, some consideration must be given
to-the angk-of-attack range over which flow does not separate
from the wing. h pointed out in reference 6, an indication
of the limit of this range can be obtained by locating the

initial break in the pIot of CD-SW -t ~gIe of attaok

A plot of this increment for tie phin wing and for-the wing
with slat is given in figure 15. The figure shows breaks in
the curves at about 7.7° and at about 16° for the wihg aIone
and for the wing with slat, respect.iveIy. Corrwponding
breaks in the curves of the aerodmunic characteristics of
combinations invoking the wing and the wing with slat are
to be e.spected at about these same mgks of attack.

lnwstigationa invoIv@ Reyncdds number as a variable
have shown that for smooth wings increases in Rqmokls
number tended to extend the angle-of-atta& range before
which initial breaka occurred inplots of aerodynamic param-
eters against angle of attack For & reason, resuIts ob-
tained for configurations with slats might be expected to be
somewhat simdar to data for the plain wing at a higher
ReynokLa number than the test Reynolds number.

FUSELAGE CHAEACWBBISTICS

The important characteristioa of the various fusdagea are
summarized in @e 16. h gened, the parameters con-
sidered (Cp ) ~ and (C%)= varied only &ghtIy with angle of
attack, an~ therefore the twdysia has been limited to
characteriatioaat a=OO. . ,,

k order that the r~uha obtained may be applied con-
venientiy to arbitrary airpIane configurations, ooefticienh in ~
terms of fuselage dimensions rather than wing dimensions ““—--—
are needed. This manner of expressing the coticient is—-~
accomplished by plotting the quantiti~ (-CF+)=‘~ and

.-—

(Q.s+% ainst fuseIage tieness ratio. The quantities

pIotted, therefore, exe effectively a Iaterrd-foroe coefficient ,. _
based on fuadage side area S. and a yawing-moment co.effi- - -
~lent based on fuselage vohune Vi.

..— .-.—

Comparisons me made with the theory presented in refer- -”—
ence 7. Although the theory, which is based on potential-

---—

flow conside@ions, “predicts no side force, the experimental
results show + positive side force which inoreaseaas the fine-
ness ratio ia deoreased. The variations in fuselage shape ‘“
considered, for a constant fineness ratio, have a negligible .-. ... ... ..w

ect on the value of-a ~Iateral-force~coefficient ~baeed on
fnsehge side area.

Freeness ratio,lit
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The experimental results obtained for the directional-
stability parameter (C.+) ~ of the biconvex fuselages show
about the same trend with variation in finene~ ratio as
Lhat predicted by theory, although, quantitatively, the
magnitude is “only about two-thirds of that predicted by
theory. For q constant fineness ratio, the variations in
fuselage shape considered produced a rather large change in
the magnitude of the directionaktability parameter based
on fuselage volume. An increase in volume near the fuseIage
nose increased this parameter; whereas an increase in volume
over the rear half of the fuselage decreased this parameter.

VERTICAL-TAILEFFECTIVENMS

EtTeative aqmt ratio.—h explained in the section
entitled“Methods of Analysis,” the Mective aspect ratio of
the vertical tail is obtained by calculating the tail lift-curve
slope from experimental valuea of (~~) ~ and then obtaining
the corresponding aspect ratio from a theory of pIain wings,
The theory of reference 5 has been used herein, although it
is realized that a swept vertical tail represents an unsym-
metrical configuration to which the theory is not strictly
applicable. The relationship, given by reference 5, between
lift-curve slope and aspect ratio for wings having a sweep
angle of 45° and a taper ratio of 0.6 is reproduced in figtwe 17,
The results of the effective-aspect-ratio determinations are
presented in figure 18 in the form of the ratio A4%/AvpIotted
against bv/Dr for a= OO. The quantity bv/& is the ratio of
vertical-tail span to the fuselage diameter at the longi-
tudinal location of the verticaI-tail aerod~amic center and
is regarded as a sigrdicant parameter for determining the
influence of the fuselage on the vertical-tail effectivenesa.
An average curve is drawn through the data obtained with

the tailsof aspect ratio 1.0,and another curve, through the
two points obtained with the tails of aspecttratio 2.o. The
ftiiring of the average curve at Iow values of b@p has been

.06-

.06

c&
.04

/

.02

0 f 2 3 4 5
Aspect /vt/b,A

Fmm.E 17.—VedatIon of lfft-eume dope WM eapect ratio for W sweptback wings with
taper W1O On.

guided by the shape of the calculated curve which represents
reasonable maxi.rqum values ,of A%/Av for given vahms of
bV/@, The calcdated curve was determined by an equation
derived on the assumption that the fusekge acts as an
infinite end plate on the portion of the vertical i8il pro-
truding outside the fuselage. The equation of the curve is

(7)

A reduction in area (geometric aspec~ratio kept mustant) of
verticaI tails attached to a given fuselage resulted in an
increase in the effective aspect ratios of tha vertical tails
for the range of tail size investigated. The calculated curve
indicates that for smaller tails the opposito woukl be true,

The experimental data show that the ratio A, V/A~, ap-
proaches the value 1.0 as bv/Z2~ becomes large. This
variation is ta be expected since an increase in bv/DFrepre-
sents a decrease in the size of the end plate relative t.o W!
vertical “tail. For very large values of bv/~I?, the effcctivc
and geometric aspect ratios should be approximately equaI.
The vtdues of A,v/Ar given in flgum 18 depend to some
extent on the curve of CL=againatA from which the vah~esof
A,r were obtained. The vaIues of + might have been
slightly diflerent had mme variation of CL=with .-i other
than that of reference 5 been used. The data show some
scatter at low valuea of 6v/~~; this scatter indicates that
frtctors other than &/~j+ enter’ into the dctermination of
A,v/Av. The vertical-tail contribution to Crt and Cxr
at ‘a=OO is shown in figure 19, Also shown in the figure
am”cdcdated curves of the parameters as determined by
equations (4) and (5) and the use of average values of Atv to

determine (CL=)V. Ratios of A*JAv of 1.25 md 1.45 were
used for vertical tails havhg geometric aspect, ratios of 1,0
and 2,0, respectively. The fact that reasgnabiy good

o-1 /9 3 4 5 6 78

FmFRx lS.—Ef7eMve aspect mtlo of vertfeal falle as hftuwm.d bytbe fnsalsgr, a= O“.
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agreement between the calculated curves and the qeri-

mental values of Om~ was obtained is of onIy incidental

intcrest,since the experimental resultsshown were originally

used to determine appropriate values of the ratio AJAF.
The scatter of the experimental points is indicative, however,
of the accuracy that might be expected by use of average
wdues of QAT for arbitrary arrangements. The agree-
ment between the calmdated and ~erimcmtal dues of
(CY~)r abo is reasonab~y good. Therefore, the values of
z&/& calculated from increments of (Cn$)v appear to be
usable for pre&cting (Cr*) ~ with reasonable accuracy at
least for the arrangements investigated.

(’WV
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o .02 .04 .06 .08 ./0 [2 .r+ .16
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,.012

.0/0
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The rerticsl-tail contribution to the derivati~e CL can be
skparated into two parts as given by the two ter& of the
following equation: ., —

For small an@es of at-tack the equation can be v&tten m

The first part of the equation is the increment of (Cl$)~ at –
a= O”, and the second part shows that- the mriation of
(C,+)rwith a is given by

In analyzing the contribution of the vertical tail to Ct+, ‘
consideration has been given to the increment of (Cl$) ~ at
zero angIe of attack and the rate of change of (C~ )V with
angle of attack. The experimental and calcukd~ -&+sults
for both of these effects are shovrn in figure 20 to be in fairly __
good agreement.

Angle-of-attack correction.-In the preceding section, the
effective aspect ratio of the ~ertical tail mounted on the
fusdage was determined at zero angIe of at-tack. The
effects of variations in angle of attack tie now eduntecl
in terms of the correction factors to “thevertical-tail contri-.
bution to C=* and Ca~,? r and qx, r&+pectively.

..——

The variation of the factor q= with angle of attack is
shorn in figure 21 for three values of the ratio lr/bw In
each case an average curve is drawn through the data. The
ratios lv/bw and &/& seem to cause no appreciable change
in the mriation of q~ with a for vaIues of a kss than 6°.
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FImnLS 2&-EKect of Ml area and Ienizth on the warticabtail mntil~om to CM- U=N.
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At higher angles of attack, however, both ~vjh~ and SV/&
appear to affect the variation of ?Y with a, but not enough
data were available to establish a definite relation between
the various “parameters. The effects of fuselage shape and
vertical-tail aspect ratio on the variation of qy with a are
shown in figure 22. Also given in the figure is the average
curve from figure 2I (b). It is seen that the curve fits the
data reasonably well and that the variations in fuselage shape
considered have very little effect on the variation of qy
with a. Changw in vertical-tail aapect ratio appear to have
some effect on the variation of qr with a; nevertheless, the
general trend shown by the average curve is still fairly
accurate.

In generaI, it appears thnt the vertical-tail contribution
to CY1may be reduced as much as twenty percent as the
angle of attack is increased from 0° to 15° and that thisreduc-
tion usuaIIy increasm rapidIy at higher angles of attack.

Anqleof af fad, a, deg

~, ~aM7
bv “

GM%.‘b)bw
(o)&o.m

bw “
FIGUEE 21.–Effect of tail area and length on the an@of~ttack mrredlon to the mrtkal-tafl

contribution to Cyti CIrmdor-aro fuselagm

The variation of the factor TNwith a is shown in figuro
23 for several values of lvjbw and svfs~. Average curves
are drawn through each set of data, At low angles of att~ck
the area ratio L?#5’Wappears to have a negligible effect o!~
the variation of q~ with a; however, it does have a large
effect at angles of attack greater than about 8° and the
effects increase with an increase of the Jv/br ratio. Fusclago
shape and verticaI-tail aspect ratio appem to have somo cffCCL
on the variation of ~y with a (fig, 24), but the effects twonot
clearIy defined by the data. In general, tho average curv13
of figure 23 (b) fits the data of figure 24 rex.onaldy well.

Except_ for the. smallest vertical tail (Vi), the ttiil con-
tributions to CW tend to show a smaller decrease with anglo
of attack than had previously been noted for the taiI contri-
bution to Cy~.

INTERFERENCEEFFECTS

Wing-fuselage interference,-The latcml-stability dat~ of
this investigation were used to determine wing-fuselage
interference increments by the procedure c.xplaincd undw
“Metho&. of AnaIysis.” The increments am presented in
figure 25_as functions of t~e tmgIaof atkck. Both A,CY+
and AICZ~show large variations with anglo of attack and IIre
of large &agnitude at high angkw of attack. Tlm incrwmmt.
AI(?% is rather sma~ for au fuselage shapes investigated and
tends to increase slightly the diroctio~laIstability of the wing-
fuselage combination over most of the angle-of-attack range.

\ I I I
/.0{\ .Averoge curve of f@re 2/(b).

,.-”

1
I)

a
Y P

.8 \

Vy
Fuselage

.6 0 F,’ }
n F,

.O F..

.4 (4

“-lllllov. illll

.4 03
o v; 2 .
I I I

o 4 -8 12 16 20 24
Angteofaftock,a,deg

&J%%:%%k%%&R%yu’ll.F&
FIOURE 2Z.-Effect of fusekimshe#e and vertloel- fafl espect retlo on the angkof.attack

corrwtton to e vertleU-tall omtrRmtIon to Cr+,
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The average vahe of AIC% is about –0.0002 up to 16° mgIe
of attack.

W~-fuseIage interference on vertical-tail effectiveness.—
Increments of A&~, &Cn~,and A*C1*are shown in figures 26,
27, and 28, respectively, for various combinations of the

‘ circular-arc fuselages and the vertical tails of aspect ratio 1.0.
The data are divided into groups of constant lvflw ratio. An
average curve vi-as drawn through each set of data. In
general, the data show little scatter about the faired curves.
The addition of the wing ahnost invariably reduced the tail
contribution to the directional stabdity for the arrangwpents
investigated (fig. 27). The effect was rwgligible at very
small angIes of attack, but at 200 angIe of attack a value of
AzCn$of about 0.0020 W= obtained with the largest fusehge
(l?,.) The Iarge interference effects noted at high angks of
attack probably result from the partially stakd conditiou of
the wing at these attitudw If stalling could be a~oided, the

-’P--I--V-P-P-P+1 I 1 1 1 II I + I I I I i

.-r

o 4 20
.&/e of 0%, ~ L6~

24

&o.=
~)bw

(0) .$-0.247.

FILIOBE !U.-Effect oftafl area @length on the
CQntzfbution m q. afR%R%&&~N””~””

interference effects undoubtedly would be considerably
smaIler.

The effects of fusdage shape on the increments of CrP,
Cm$,and CIt caused by ting-fuseIage interference on the
verticaI-tail effectiveness are indicated in figure 29. Also

given in the figure me the average curves of the &—O.464

dat.aof figures 26 (b), 27 (b), and 28 (b). The figure indicatss
that variations in fneehge shapes considered.have little effect
on the interference increments and that the awmvge curves
fit the data quite well.

A comparison is given in figure 30 betweert the interference
increments 4Cm~md A@n~ for a model conjuration with
and without the wing slat. The modeI cordiguration m
made up of &e wing, fuselage Fz, and ~ertical taii Vz. The
increment AICa~ for both configurations varied erratically
with angle of attaok and indicated no definite trends. The
increment A,C=* for the model with the slat -was Iarger
(more positive) than for the wing without the sIat up to
about 20°, after which the opposite -wastrue.

Ik should be pornted out again that the interferen~
increments preseuted herein can be espected to apply fairly
aoourately only to midwing or near-midwing configurations
since the height of the wing rehtive to the fuselage aenter
Linehas been found to bean important factor in determining
interference increments (reference 2).

CONCLUSIONS

The results of an investigation to determine the effects of
vertical-tail size and length and of fuseIage shape and length
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on the lateral static stability characteristics of a model with a
45° sweptback wing indicate the following conclusions:

1. The directional instability of the various isoIated fuse-
kigcs was about two-thirds w large as that predicted by
classical theory.

2. A reduction in area (geometric”aspect ratio kept con-
stant) of vertical tails attached to a given fuselage resulted
in an increase in the effective aspect ratio of the vertical
tails for the range of tail sizes considered, Simple analytical
considerations indicate, however, that for tail sizes below the
range investigated the opposite effect would be expected.

3. For the fuselage-tail combinations investigated, the
tail effectiveness usually decreased with increasing angle of

Angleof offffck,a,&g-.

JLO.347.(d *F -

~o)lrd ~
bw. .

Fmrm 26.-Effect of the tall area and length on the increment of Crt cauwd by wing.hwrlage

fnterfemmca on vertic81-M effectkmu. Clrcrrlarac fuselegw,

attack, with the grmtest rate of decrease occurring aLanglm
of attack greater than about 100.

4. The wing-fuselage interference for the midwing tirrni]gc-
ments investigated was on]y slightly aflectod by the’ shapo
of the fuselage and the interference tended to inrrcasc
slightly the directional stability of the combinations.

5. The interference effects of the wing tended to dccrmse
the vertical-tail effectivemws, particularly at high angles of
attack. The large effects observed were at.trilmted to a,
partially stalled condition of the wing,

LANGLEY AERONAUTICAL LABORATORY,
NATIONAL ADVISORY COMMITTEE FOR

~ANGLEY FIELD, VA., June 6, 1960.
AERONAUTICS,
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TABLE I.—COORDIXATES FOR NACA 65AOOSAIRFOIL
[Statfonandordinakfnpercenttioff ehordl

TABLE HI.-PERTIN’EXT GEOMETRIC CHARACTERISTICS
OF MODEL

Tag:
&pect ratio, A y-------------------------------------- 40”-
Taper titio, Xr--------------------------------------- O.6
Quarter-chord sweep angle,”~m, den--------------------- 45
Dihedral angIe, den------------------------------------ o
Twist, &g------------------------------------------- o
XACAa%ofi~ct.ion ----------------------------------- 65A(M8
ka, SF, sqfti ------------------- -:___________________ 2.25
spin,bR,R------------------------------------------ 3.00
Mean aerodynamiccho@Fw, fi_---_--_---------------- 0.765

Fuselage: FL Fz F,
Length, ft--------------- 2.5o 3.34 %0 3.34 %4
Fineness ratio------------ 5.00 6.67 10.0 6.67 6.67
VoIume, TF, cuff ________ 0.267 0.350 0.526 0.448 0.385
Taillength,lv,ft(alltaik)_ LO-! L 39 2.09 1.39 1.39
Tail-len@hratio,IF~b w,(all

tails)----------------- 0.347 0.464 0.697 0.464 0.464
fidea~a,S,,sqft -------- 0.833 1.11 L 67 1.30 L 25

Vertical tail: VI vi V* V4 V5
Aspect ratio ------------- ;: LO 1.0 2.0 2.0
Taper ratio -------------- . 0.6 0.6 0.6 ,0.6
Quarter-chord sweep angle,

AF-,deg_______________ & 45 45 45 45
XACA airfoiI section ----- - 65AO0865AO08 65AO0865AO08 65.1008
Area, SV, sq ft__________ 0-169 0.338 0.506 0.33S 0.675
span, bv, ft------------- 0.408 0.583 .0.710 0.S25 L159.
Mean aerodpamic chord, . .

Err ft----------------- 0.417 0.592 0.725 ‘0.416 0~592
Area ratio, SV/SW--,_____ 0.075 0.150 0.225 0.150 0.300

Stntfon
:
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TABLE H.-FUSELAGE COORDINATES
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TABLE IV.-CONFIGURATIOXS LI-VESTIGATED
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